Saône from the last lock to its confluence with the Rhone is 0.32 m/km. The collection site, located on the right bank, was approximately 150 meters in length. From May to October, more than half its surface area was invaded by different species of macrophytes : Nuphar, Ceratophyllum, Potamogeton and filamentous algae. Sampling was carried out at four stations at a depth from 0.50 to 1.5 m using a rectangular hand-net (25x18 cm); the total surface area sampled was 1 m 2 . The samples were fixed on-site in 12 % neutralised formaldehyde and sieved at 450 µm in the laboratory.
The shell length (SL, greatest anterior-posterior dimension across the valves) of individuals was measured with an eye piece micrometer at 25x (clams with SL<6.0 mm) or 12.5x (clams with SL>6.0 mm) under a binocular microscope. The interval of the size frequency histograms was 0.5 mm size classes, they were then analysed using Bhattacharya's (1967) graphical method available in the FiSAT software distributed by FAO-ICLARM (Gayanilo et al. 1996) . For each generation, the mean size of the individuals, the number and the standard deviation were established. All individuals with SL>2.0 mm were dissected and all shelled larvae, i.e. prodissoconch and extra-marsupial larvae (Heard 1977) , were measured and counted. Discharge rates at Mâcon, situated 68 km upstream from the Ile Barbe and downstream of the Saône's main tributaries, were extracted from the HYDRO database. Water physico-chemical data were supplied by the Rhône, Mediterranean, Corsica Water Agency. During the study, the temperature of the water was recorded every week.
Results

Environmental variables
The Saône has a pluvial-oceanic type hydrological regime (Pardé 1925) with high flow in the winter and spring and low in summer (Fig. 2) 
Life cycle
At the beginning of the year, a single cohort was represented and the minimum size of individuals was 1 mm (Fig. 3A) . (Fig. 3A) . Outside the incubation period, which generally culminates in May-June or July, certain gravid individuals were observed in November, December 2001 and January 2002, August and September 2002, and from January to March 2003 (Fig. 3B) . Nonetheless, the maximum size of these bivalves (<6.5 mm) was clearly lower than that of the adults found in June The number of larvae per parent varied considerably from year to year (Fig. 4) . Peaks occurred in spring 2002 and 2003 and in summer 2001. In the Sphaeriidae, the number of larvae incubated is proportional to the size of the parents (Ladle & Baron 1969 , MeierBrook 1970 , Heard 1977 , Morton 1985 , Holopainen 1979 . As a result when the adults are only represented by large individuals, the litter size is very high as in July 2001. The largest individual was found during this month. It measured 9.85 mm and incubated 44 larvae: its last two broodsacs contained 19 and 25, respectively. However, the largest extra-marsupial larvae, (SL=1.56 mm) observed in June 2003, came from an individual that measured only 6.72 mm.
When the generations of 2001 and 2002 appeared in June and May, respectively; they were only represented by a small number of individuals (Fig. 3C ). An initial peak of abundance was observed the following month. The peaks of July 2001 and June 2002 occurred following a first release period. On the contrary, the peaks of November (2001 generation), September and April (2002 generation) corresponded to the periods described above during which gravid individuals were observed. This concordance suggests that these adults released larvae; two spawning periods therefore took place in 2001 and 2002. In 2003, two generations were represented but the numbers of the first were very low compared with those of the second whose abundance was maximal in June. However, the peak density that occurred in August suggests that larvae were released by adults of the first generation: two spawning periods very close together also occurred in 2003. At the beginning of the year, the populations were therefore represented by both juveniles of the first and the second generations.
The life cycle of the Musculium lacustre populations of the Saône is characterised by: 1-a growth period from March (February) to June followed, after the release of larvae, by the disappearance of adults during summer; 2-two birth periods producing two generations: the first appeared in May or June, while the second, more variable and smaller, appeared at the end of summer or in autumn; each generation only reproduces once (semelparity); 3-juveniles that estivate and hi-
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(4) bernate represent more than 90 % of the total number for more than half the year (Fig. 5) ; 4-longevity is 13 to 14 months in the region.
Discussion
In 2001, the appearance of the new generation and the peak of juveniles occurred later than in 2002 and 2003. The flood occurring in March, i.e. at the beginning of the growth period, was certainly responsible for the delay observed in the progression of the life cycle of M. lacustre. After the flood of November 2002, large quantities of dead leaves reaching thicknesses of more than 50 cm accumulated over a large part of the station. Since flows remained moderate during winter 2003, these accumulations of dead leaves decayed in situ; by April they had disappeared. Correlatively and contrary to the two previous years, gravid individuals appeared as early as January 2003, and in April the number of bivalves was three times higher than in January. Musculium's affinity for organic matter and the litter of dead leaves has been highlighted by several authors (Boycott 1936 , Mackie et al. 1976 , Morton 1985 . This important trophic contribution and the average temperatures of May and June 2003 exceeding those of 2002 by 2.6 and 3.1°C, respectively, favoured the growth of indivuals and their embryos (Holopainen & Jonasson 1983) . However, in spite of the large quantity of larvae incubated, this was not followed by a greater increase of numbers in June 2003 than in 2002 : considerable mortality in the newborn therefore took place during this month. In May and June 2003, concentrations in dissolved O 2 of respectively 8.3 and 6.7 mg L -1 did not appear to be inhibiting for this species capable of withstanding periods of anoxia (Morton 1985) and considered as tolerant to biodegradable pollution (Mouthon 1996) . Furthermore, temperatures >25°C were only recorded from mid-June, i.e. only 6 days before the sampling campaign. These observations suggest that the lack of available food could be the main cause of this mortality and that the Musculium lacustre populations of the Saône are food-limited.
Several differences were identified in the characteristics of the life cycle of the populations studied. 1-In Hong-Kong, due to a hot and humid climate, the newborn of the first generation begin appearing in April (Morton 1985) , in May and June in the Saône, and during June in Canada (Mackie 1979) , whereas they do not appear until the beginning of July in Russia, after filling of the pond with water (Mitropolskji 1965) . 2-The minimum size of adults incubating shelled larvae is higher in the Chinese population (8 mm) than in those of Canadian ponds (2.5 -4.5 mm) and the Saône (2.5 -3.0 mm). 3-The longevity of M. lacustre in China and Canada is estimated at 12 months (Mackie 1979 , Morton 1985 ; however, it reached 13 to 14 months in the Saône. 3-The number of spring newborn growing to parental size and the numbers of the second generation to which they give birth are high in the Chinese and Canadian populations while they remain very low in the Saône (Mackie 1979 , Morton 1985 .
However, although the capacity of the newborn to estivate and hibernate is also observed in other species of Musculium, such as M. transversum (Gale 1977) , M. securis (Mackie et al. 1976 ) and M. partumeium (Way et al. 1980) , and it is considered as an adaptation in ephemeral habitats (Mackie et al. 1976 , Way et al. 1980 , the life cycle of M. lacustre takes place in a similar manner whether in drainage ditches, permanent and temporary ponds or large rivers. Furthermore, there is a considerable similarity between the life cycle of M. lacustre of the Saône in 2003 and that of M. securis and M. partumeium of temporary ponds (Mackie et al. 1976 , Way et al. 1980 . Indeed, M. lacustre's response to particularly high summer temperatures (>25°C), i.e. 'dormancy' (no growth) of all the newborn from June to December, resembles the one observed in populations of M. securis and M. partumeium during the temporary drying of their habitat. This capacity of juveniles to estivate has permitted this bivalve to maintain its numbers in spite of the heat wave, whereas the other species of Sphaeriidae (Pisidium) completely disappeared during August. Undoubtedly, originally adapted to temporary environments, the Musculium lacustre populations that inhabit permanent habitats and large rivers have nonetheless conserved genetically controlled ancestral biological traits. As climate warming continues, the life-history strategy adopted by this bivalve could permit it to become the dominant sphaeriid species in the lower reaches of large rivers, as it is the case at present in the Saône upstream of Lyon.
